Role of advanced glycation end products in diabetic nephropathy.
Nonenzymatic reactions between sugars and the free amino groups on proteins, lipids, and nucleic acids result in molecular dysfunction through the formation of advanced glycation end products (AGE). AGE have a wide range of chemical, cellular, and tissue effects through changes in charge, solubility, and conformation that characterize molecular senescence. AGE also interact with specific receptors and binding proteins to influence the expression of growth factors and cytokines, including TGF-beta1 and CTGF, thereby regulating the growth and proliferation of the various renal cell types. It seems that many of the pathogenic changes that occur in diabetic nephropathy may be induced by AGE. Drugs that either inhibit the formation of AGE or break AGE-induced cross-links have been shown to be renoprotective in experimental models of diabetic nephropathy. AGE are able to stimulate directly the production of extracellular matrix and inhibit its degradation. AGE modification of matrix proteins is also able to disrupt matrix-matrix and matrix-cell interactions, contributing to their profibrotic action. In addition, AGE significantly interact with the renin-angiotensin system. Recent studies have suggested that angiotensin-converting enzyme inhibitors are able to reduce the accumulation of AGE in diabetes, possibly via the inhibition of oxidative stress. This interaction may be a particularly important pathway for the development of AGE-induced damage, as it also can be attenuated by antioxidant therapy. In addition to being a consequence of oxidative stress, it is now clear that AGE can promote the generation of reactive oxygen species. It is likely that therapies that inhibit the formation of AGE will form an important part of future therapy in patients with diabetes, acting synergistically with conventional approaches to prevent diabetic renal injury.